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Study objective: To evaluate the feasibility and safety of vaginal vault drainage after complicated single-
port access laparoscopic-assisted vaginal hysterectomy (SPA-LAVH).
Design: Retrospective cohort study.
Setting: Ulsan University Hospital (tertiary teaching hospital), South Korea.
Patients: A total of 359 women underwent SPA-LAVH for the following conditions: benign uterine tumor,
preinvasive uterine lesion, and microinvasive cervical cancer.
Interventions: The participants included 124 women with vault drains and 235 women without drains.
Measurements: Surgical outcomes, perioperative complications and morbidity, postoperative febrile
morbidity.
Results: There were no differences in background features between drain and no-drain groups. In sur-
gical outcomes, mean uterine weight (364.2± 184.9 g vs. 263.7 ± 138.6 g; p< 0.001), operation time
(87.4± 21.5 min vs. 73.0± 17.6 min; p< 0.001), blood loss (225.3 ± 122.2 mL vs. 150.4± 95.2 mL;
p< 0.001), and hemoglobin decline (1.97± 0.96 g/dL vs. 1.42± 0.89 g/dL; p< 0.001) were signiﬁcantly
larger for the drain group compared with the no-drain group. However, with regard to postoperative
morbidity and complications, there were no group differences in the transfusion rates (6.5% vs. 3.8%;
p¼ 0.300), intraoperative complications (2.4% vs. 1.3%; p¼ 0.420), perioperative complications (2.4% vs.
0.9%; p¼ 0.345), and febrile morbidity  37.5C (8.9% vs. 11.5%; p¼ 0.477), although the drain group was
more prone to the development of pelvic ﬂuid collection and febrile morbidity than the no-drain group.
Conclusion: Vaginal vault drainage could be a safe alternative that allows for the management of post-
operative morbidity and retains the advantages of minimally invasive surgery after complicated SPA-
LAVH.
Copyright © 2016, The Asia-Paciﬁc Association for Gynecologic Endoscopy and Minimally Invasive
Therapy. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Advances in laparoscopic techniques have resulted in minimally
invasive hysterectomy surgery using a single-port access (SPA)
system, also referred to as laparoendoscopic single site.1e3 Similars of interest relevant to this
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vasive Therapy (2016), http:/to the complications for other hysterectomy procedures, SPA
laparoscopic-assisted vaginal hysterectomy (SPA-LAVH) can result
in residual pelvic ﬂuid collection, which is a possible cause of febrile
morbidity. The reported incidence of pelvic ﬂuid collection ranges
between 25% and 98%.4,5
Traditionally, after gynecologic laparoscopy, pelvic drains were
used to reduce postoperative morbidity by evacuating pelvic ﬂuid
and to allow the evaluation of ﬂuid consistency without the need
for more invasive procedures. Additionally, drainage may be
beneﬁcial if intraoperative oozing or a pelvic abscess might result
after the dissection of a wide area during a complicated laparo-
scopic hysterectomy. Conservative measures, including systemicy InvasiveTherapy. PublishedbyElsevierTaiwanLLC. This isanopenaccessarticleunder theCC
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volume ﬂuid collection, especially if an infection develops.6
The role of a drain in the abdominal approach is well known,7
and several studies have examined the insertion of a drain
through an abdominal port site after LAVH.8,9 SPA procedures seem
ideally suited for LAVH because the vagina is a natural oriﬁce for
transluminal endoscopic surgery (NOTES). The vagina can also
serve as a route for hysterectomy using the pouch of Douglas, and a
uterine manipulator can be applied through the vagina and used as
another grasper.10 Additionally, the vagina can serve as a drainage
route to reduce postoperativemorbidity without compromising the
cosmetic advantage of SPA-LAVH. However, no formal study
focusing on themethodology and safety of vaginal vault drainage in
SPA-LAVH has been performed.
Therefore, we describe the methodology of closed-suction
drainage (Jackson Pratt, or JP, drain) through the vaginal vault for
complicated SPA-LAVH to prevent pelvic ﬂuid collection and post-
operative febrile morbidity. To show the feasibility and safety of
vault drainage after SPA-LAVH, we also compare the operative
outcomes and postoperative morbidity of patients with and
without drains.
Materials and methods
A total of 359 women who underwent SPA-LAVH were included
from April 2010 to August 2014. We compared 124 women who
received a vaginal vault drain (the drain group) and 235 women
who did not receive a drain (the no-drain group) after SPA-LAVH.
All women who were candidates for conventional LAVH un-
derwent the SPA-LAVH procedure. The inclusion criteria were: (1)
uterine size below 20 gestational weeks and without deﬁnite pelvic
adhesions on pelvic examination; (2) a main diagnosis of uterine
ﬁbroids, preinvasive cervical lesion, endometrial hyperplasia, or
microinvasive cervical cancer; (3) no suspected uterine or adnexal
malignancy, previous abdominal surgery for malignancies, or sus-
pected endometriosis; and (4) appropriate medical status for
laparoscopic surgery (American Society of Anesthesiologists Phys-
ical Status Classiﬁcation I-II). All of the women were informed that
the conventional laparoscopic approach or laparotomy would be
performed if unexpected difﬁculties were encountered during the
SPA procedures.
Allocation to the vault drain or no-drain group was based on the
surgeon’s decision. The general inclusion criteria for vault drain
insertion after SPA-LAVH speciﬁed patients with blood coagulation
defects, a wide dissection area, intraoperative oozing, intra-
operative blood loss, and coexisting pelvic lesions that could in-
crease the possibility of large-volume residual pelvic ﬂuid
collection and subsequent pelvic infection. The vault drain was
removed within 48 hours after surgery if the drainage volume was
< 100 mL/24 hours and/or the pelvic ﬂuid had a hemoserous con-
sistency. When there were infected or large-volume ﬂuid collec-
tions or > 100mL of fresh blood was observed in the drain bulb, the
drainwas not removed unless the abnormal pelvic ﬂuid completely
ceased and/or the volume was < 100 mL/24 hours and the patient
was hemodynamically stable with stable hemoglobin (no decrease
> 1 g/dL). The vault drain was always removed transvaginally by
cutting the ﬁxation suture material. The removal site spontane-
ously healed in a few days without any intervention.
Operative time was deﬁned as the length of time from the
umbilical skin incision to closure, including the time of vaginal
vault closure, SPA introduction, and vaginal JP insertion. Blood loss
was estimated based on the suction bottle volume and gauze count.
Uterineweight wasmeasured immediately after specimen retrieval
in the operating room. Postoperative febrile morbidity was deﬁned
as a body temperature  37.5C, a deﬁnition that has been usedPlease cite this article in press as: Lee S-J, et al., Vaginal vault drainag
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tious morbidity.11,12 Temperature was measured every 4 hours in
the postoperativeward, excluding the 1st day after surgery. If a body
temperature  37.5C was noted on any postoperative day, we
conﬁrmed febrile status by checking the temperature hourly two
times and appropriately controlling the fever. The postoperative
hemoglobin level was determined on postoperative Day 1.
All of the women were managed with the standard hospital
protocol. The women underwent vaginal preparation on the day of
the SPA-LAVH and received cefotetan 2 g intravenously after the
induction of general anesthesia. A Foley catheter was maintained
for 24 hours for bladder drainage. Postoperative cefotetan 2 g every
12 hours was given to the women until postoperative Day 1 if there
was no infectious morbidity.
Operative techniques
Surgical procedures of SPA-LAVH
All SPA procedures were performed using a homemade single-
port platform, as previously described.10 After laparoscopic exam-
ination using a rigid 0 5-mm video laparoscope, a uterine
manipulator (Acorn uterine manipulator, Richard Wolf GmbH,
Knittlingen, Germany) was inserted to facilitate visualization and
accessibility in the surgical ﬁeld. We used articulating instruments
such as Realhand (Novare Surgical System, Cupertino, CA, USA) or
Roticulator (Covidien, Norwalk, CT, USA) to avoid the clashing of
instruments and to allow ﬁne dissection (Figure 1). Each SPA hys-
terectomy procedure was similar to conventional LAVH. Brieﬂy,
after the patient was put into the deep Trendelenburg position, the
uterus was deviated to one side with a uterine manipulator. Either
the infundibulopelvic ligament or the utero-ovarian ligament was
secured and divided following transection of the round ligament.
The broad ligament was opened up to the vesicouterine fold, and
the bladder was mobilized by blunt and sharp dissection from the
anterior vagina. The uterine vessels were skeletonized with partial
cutting of the uterosacral ligament. Following the laparoscopic
procedures of SPA-LAVH, anterior and posterior colpotomy was
performed transvaginally. The uterosacral ligament and uterine
vessels were secured with sutures, and the uterus was extracted
through the vagina. Vaginal vault closure was performed
transvaginally with a single-layer technique, using a running 1-0
polyglactin 910 suture.
Surgical technique of closed suction drain (JP) insertion through the
vaginal vault after complicated SPA-LAVH
Once the vault was closed, a laparoscope was used to check the
pelvis for hemostasis and any abnormal lesion. If we found the
patients with the risk of large volume residual pelvic ﬂuid collec-
tion, and subsequent pelvic infection in the surgical ﬁeld, we
decided on the insertion of vault drainage. A JP drain was inserted
through the vault, and intraperitoneal placement of the drain in the
pouch of Douglas was performed under laparoscopic visualization.
First, the tip of the JP drain was sutured using 2-0 polyglactin 910,
and the suture material was grasped with a Fascial suture instru-
ment (B. BraunMelsungen AG, Melsungen, Germany). After the
vault was downwardly grasped with Allis forceps, the fascial suture
instrument with the sutured JP drainwas inserted through the apex
of the vault into the peritoneal cavity under the guidance of lapa-
roscopy. Then, the delivered suture material was pulled intra-
corporeally using ﬂexible grasping forceps. After the tip of the JP
drain was identiﬁed, it was moved upward into the pouch of
Douglas. The JP drain was ﬁxed to the posterior vaginal vault to
prevent it from falling out of the vagina (Figure 2). The suture
material of the JP drain was delivered extracorporeally through the
SPA system, and removed from the drain.e after complicated single-port access laparoscopic-assisted vaginal
/dx.doi.org/10.1016/j.gmit.2016.04.005
Figure 1. Operative view of single-port access laparoscopic-assisted vaginal hysterectomy (SPA-LAVH). (A) Home-made single-port platform made of a wound retractor, a glove and
three trocars (12 mm, 5 mm, and 5 mm): a uterine manipulator is inserted to facilitate visualization of the pelvis. (B) Immediate postoperative view following SPA-LAVH with vault
drain.
Figure 2. JP drain insertion through the vaginal vault after single-port access laparoscopic-assisted vaginal hysterectomy (SPA-LAVH). (A) Insertion of sutured drain through the
apex of the vault. (B) Placement of drain in peritoneal cavity. (C) Fixation of drain in posterior vaginal vault.
S.-J. Lee et al. / Gynecology and Minimally Invasive Therapy xxx (2016) 1e5 3Statistical analysis
The statistical analysis was performed using SPSS version 21.0
(SPSS, Chicago, IL, USA) and the R package, version 3.1.2 (R Foun-
dation for Statistical Computing, Vienna, Austria). Student t test was
used to compare normally distributed continuous variables. Cate-
gorical variables were analyzed using Fisher’s exact test. All of the
tests were two-tailed, and a p value < 0.05 was considered statis-
tically signiﬁcant for all comparisons.Results
The background features of the 359 women are detailed in
Table 1. There was no difference in general demographics betweenTable 1
Background features.a
Preoperative variables Vaginal JP drainage
Age (y) 47.9± 6.0
BMI (kg/m2) 24.0± 3.4
Parity (n) 2.0± 0.6
History of previous abdominal surgery (n) 38 (30.6)
Numbers of previous abdominal surgeries (n) 0.6± 0.9
Indications for hysterectomy (n)
Uterine ﬁbroids 97 (78.2)
Preinvasive cervical lesion 19 (15.3)
Uterine lesion with adnexal tumor 4 (3.2)
Endometrial hyperplasia 3 (2.4)
Microinvasive cervical cancer 1 (0.8)
BMI¼ body mass index.
a Data are presented as mean± standard deviation or number (%).
Please cite this article in press as: Lee S-J, et al., Vaginal vault drainag
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uterine ﬁbroids in 77.2% of the women.
The mean surgical data for the 359 women are summarized in
Table 2. The uterine weight was signiﬁcantly greater in the drain
group than in theno-drain group (364.2± 184.9 g vs. 263.7± 138.6 g;
p< 0.001). Moreover, the drain group had more cases with uterine
weight  500 g than the no-drain group (n¼ 28, 22.6% vs. n¼ 19,
8.1%; p< 0.001). The two groups were comparable for operative
procedures and main pathologic features. However, the drain group
had greater blood loss (225.3± 122.2 mL vs. 150.4± 95.2 mL;
p< 0.001), a greater hemoglobin drop (1.97± 0.96 g/dL vs.
1.42± 0.89 g/dL; p< 0.001), and longer operation times (87.4± 21.5
vs. 73.0± 17.6 minute; p< 0.001) than the no-drain group.
The postoperative outcomes for the 324 women are summa-
rized in Table 3. A total of 17 (4.7%) patients required a blood(n¼ 124) No drainage (n¼ 235) p
47.1± 6.3 0.237
23.7± 2.6 0.375
2.1± 0.8 0.701
59 (25.1) 0.264
0.4± 0.8 0.144
0.917
180 (76.6)
38 (16.2)
5 (2.1)
9 (3.8)
3 (1.3)
e after complicated single-port access laparoscopic-assisted vaginal
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Table 2
Surgical outcomes.a
Surgical variables Vaginal JP drainage (n¼ 124) No drainage (n¼ 235) p
Uterus weight (g) 364.2± 184.9 263.7± 138.6 < 0.001
Uterus weight  500 g (n) 28 (22.6) 19 (8.1) < 0.001
Operative procedures (n) 0.490
Hysterectomy only 94 (75.8) 177 (75.3)
Hysterectomy þ BSO 18 (14.5) 42 (17.9)
Hysterectomy þ USO 6 (4.8) 11 (4.7)
Hysterectomy þ BOC 1 (0.8) 0 (0.0)
Hysterectomy þ other procedures 5 (4.0) b 5 (2.0) c
Main pathology of uterus (n) 0.935
Leiomyoma 72 (59.8) 139 (59.0)
Adenomyosis 29 (21.4) 46 (18.4)
CIS of cervix 18 (15.2) 38 (17.5)
Endometrial hyperplasia 4 (2.7) 9 (3.8)
Microinvasive cervical cancer 1 (0.9) 3 (1.4)
Estimated blood loss (mL) 225.3± 122.2 150.4± 95.2 < 0.001
Hemoglobin decline (g/dL) 1.97± 0.96 1.42± 0.89 < 0.001
Operation time from umbilical skin incision to closure (min) 87.4± 21.5 73.0± 17.6 < 0.001
BOC¼ bilateral ovarian cystectomy; BSO¼ bilateral salpingoophorectomy; USO¼ unilateral salpingoophorectomy.
a Data are presented as or mean± standard deviation or number (%).
b In the drain group, other procedures include one case of ureteral stent insertion to the left ureter, two cases of primary repair of the bladder through the vagina, two cases
of staging operation (borderline ovarian tumor-LAVH BSO, pelvic and para-aortic lymph node sampling, ometum and both paracolic gutter biopsy, appendectomy; cervical
cancer-LAVH BSO, pelvic and para-arotic lymph node sampling).
c In the no-drain group, other procedures include three cases of primary repair of bladder wall through the vagina, and two cases of colporrhaphy.
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the drain group and nine (3.8%) were in the no-drain group. The
drain group had a longer mean hospital stay (3.1± 1.6 days vs.
2.5± 1.3 days; p¼ 0.002) than the no-drain group. No signiﬁcant
operative morbidity occurred, and there were no group differences
in terms of intraoperative and perioperative complications.
There were six intraoperative complications (three in the drain
group and three in the no-drain group), which included ﬁve cases
of bladder-wall injury and one case of ureteral injury during the
SPA-LAVH. All cases were successfully managed without an addi-
tional trocar or conversion to laparotomy. In ﬁve women with
bladder wall injury, primary repair of the bladder wall was per-
formed through the vagina. In one woman with a ureter injury, a
minor electrical burn of the left distal ureter was suspected after
SPA-LAVH, and a prophylactic double J stent was inserted in the
ureter during surgery. All women recovered unremarkably.
During the perioperative period (within 30 days after surgery),
ﬁve complications were noted. Three women had umbilical wound
infections that resolved with antibiotic therapy. One woman in the
drain group was readmitted for paralytic ileus and was conserva-
tively managed. In the no-drain group, one woman presented with
vault dehiscence on postoperative Day 24; it was managed with
resuturing, and there were no long-term consequences.Table 3
Postoperative outcomes.a
Postoperative variables Vaginal JP drainage (
Transfusion (n) 8 (6.5)
Postoperative hospital stay (d) 3.1± 1.6
Total volume of postoperative drain (mL) 230.5± 191.5
Intraoperative complication (n) 3 (2.4)
Bladder wall injury 2
Ureter injury 1
Perioperative complication within 30 d (n) 3 (2.4)
Umbilical wound infection 2
Paralytic ileus 1
Vaginal stump dehiscence e
Postoperative febrile morbidity
 37.5C (n) 11 (8.9)
 38.0C (n) 5 (4.0)
a Data are presented as or mean± standard deviation or number (%).
Please cite this article in press as: Lee S-J, et al., Vaginal vault drainag
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for the two groups. A total of 38 (10.6%) womenwith SPA-LAVH had
a temperature  37.5C during the postoperative period: 11 (8.9%)
were in the drain group and 27 (11.5%) were in the no-drain group
(p¼ 0.477). There were 12 cases with relatively large-volume
drainage ( 500 mL) in the drain group, but none of these
women suffered from febrile morbidity. We also performed a
subgroup analysis for women with a temperature  38.0C, and
there was no difference in the number of women (p¼ 0.759) in the
two groups.Discussion
There were some controversies in the use of drainage to reduce
postoperative morbidity by eliminating pelvic ﬂuid collection.
Some studies have reported the advantage of drain usage, but
others have not conﬁrmed. However, in real clinical practice,
drainage procedures have been used for preventing abnormal
pelvic ﬂuid collection in the complicated surgical case for a long
time. Thus, we suggested that vaginal vault (NOTES) could be a
useful alternative to control postoperative morbidity in selective
situations based on surgeon decision without compromising the
advantage of SPA laparoscopic surgery. In this study, the indicationsn¼ 124) No drainage (n¼ 235) p
9 (3.8) 0.300
2.5± 1.3 0.002
Not available
3 (1.3) 0.420
3
e
2 (0.9) 0.345
1
e
1
27 (11.5) 0.477
7 (3.0) 0.759
e after complicated single-port access laparoscopic-assisted vaginal
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large volume of operative blood loss, intraoperative oozing, blood
coagulation defects, and coexisting pelvic lesions that could in-
crease the possibility of large-volume residual pelvic ﬂuid collec-
tion, subsequent pelvic infection, and febrile morbidity after
complicated SPA-LAVH.
The pelvic ﬂuid collection and/or hematomas presumably
formed as a result of residual ﬂuid, oozing, or bleeding at the end of
the hysterectomy procedures. At the end of vaginal hysterectomy
procedures, 48% of patients still have pelvic bleeding points; the
bleeding comes predominantly from the vaginal vault, but 20% of
patients also have bleeding from the uterine artery or the vaginal
angle.13 Although some studies reported that the presence of
sonographically diagnosed pelvic ﬂuid collection was associated
with febrile morbidity following hysterectomy,4,14,15 other studies
failed to conﬁrm this claim.4,5 Individual studies did not show a
signiﬁcant relationship between pelvic ﬂuid collection and febrile
morbidity, but each study showed an incremental trend toward
febrile morbidity in patients with pelvic ﬂuid collection. In this
study, we did not simply compare drain group with no-drain group,
but focused on the availability and safety of vault drainage after
complicated SPA-LAVH. With regard to the operative complication
and postoperative morbidity rates, we found that the drain group
was comparable to the no-drain group; however, the drain group
had a signiﬁcantly longer operation time and more frequent wide
dissection as a result of larger uterine sizes and weights, which
made this group more prone to pelvic ﬂuid collection and febrile
morbidity. Moreover, there was no complication speciﬁcally related
to the insertion of the closed-suction drain of the vaginal vault into
the peritoneal cavity such as vaginal stump dehiscence, bowel
injury, and infection of the stump site.
Generally, a pelvic drain is placed to reduce postoperative
morbidity by facilitating the removal of gas and pelvic ﬂuid
collection, to assess ﬂuid characteristics, to check for any unsus-
pected hemorrhages in the surgical ﬁeld, and to promote tissue
apposition and wound healing without the need for further inva-
sive procedures. A randomized study by Dua et al12 suggested that
the routine use of vault drainage during vaginal hysterectomy did
not inﬂuence febrile morbidity, but there were no adverse out-
comes noted with the use of the drain. The volume of ﬂuid that may
be drained even after extensive pelvic dissection using laparoscopy
is unpredictable, and the decision to use postoperative drainage
was based on the surgeon’s experience and the patient’s clinical
condition.16 With conventional LAVH, drains are still a necessary
part of gynecologic laparoscopy for selected women, such as those
with persistent oozing from raw surfaces or pelvic abscesses.8
Complex extirpative pelvic surgery via the SPA system has
become possible because of recent advances in surgical techniques,
but no studies have evaluated the management of postoperative
morbidity after complicated SPA hysterectomy. Because the use of
prophylactic antibiotics has been clearly shown to have a signiﬁcant
role in reducing infection and is now a standard practice, the efﬁ-
cacy of vault drainage after complicated SPA-LAVH should be
reevaluated.
In the current study, the overall complication rate was 3.1%, and
the rate of febrile morbidity (at least 38.0C) was 3.3%. Although
this study was the ﬁrst to evaluate vault drainage after SPA-LAVH,
the results were comparable to those of previous studies on lapa-
roscopic hysterectomy.11
The strength of this study was that it was the ﬁrst preliminary
report on the safety of vault drainage after complicated SPA-LAVHPlease cite this article in press as: Lee S-J, et al., Vaginal vault drainag
hysterectomy, Gynecology and Minimally Invasive Therapy (2016), http:/in terms of complications and postoperative morbidity. However,
there were some limitations. First, this study was a retrospective
one and the cohort of women was not unselected cases; in
addition, all procedures were performed by one surgeon (H.J
Roh). Thus, our data may not be generalizable to all gynecologic
surgeons using different SPA devices and drainage procedures.
Second, there was a lack of deﬁnitive imaging measurements of
the pelvic ﬂuid collection with which to compare the post-
operative morbidity of the drain and no-drain groups. Thus, our
results do not deﬁnitively support the use of routine vault
drainage for reducing pelvic ﬂuid collection and febrile morbidity
in cases of uncomplicated SPA-LAVH; rather, they only evaluate
the safety and effectiveness of vault drains following complicated
SPA-LAVH.
In conclusion, in selected women following complicated SPA-
LAVH, vaginal vault drainage could be a feasible and safe method
for managing postoperative morbidity and completing surgery
while retaining the advantages of minimally invasive surgery.
However, this study did not show that routine use of prophylactic
vault drainage may be necessary in elective, uncomplicated SPA-
LAVH. The role of vault drainage in the management of post-
operative morbidity following SPA-LAVH should be further
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